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Clinical  isolate'  of  the  Hat  ten  tides  me/aninovent t  us  and  Hat  leroiJcs  truvilis  groups  were  tested  for  in 
vitro  and  in  vivo  susceptibility  to  penicillin,  clindamycin.  and  metronidazole,  used  singly  or  in  combination 
with  gentamicin.  Ihe  in  vitro  tests  consisted  of  determinations  of  minimal  inhibitory  concentrations  iMICsl 
carried  out  with  or  without  constant  amounts  of  gentamicin.  When  used  alone,  gentamicin  had  negligible 
effects  on  the  bacteria  but  significantly  reduced  the  MICs  of  penicillin,  clindamycin.  and  metronidazole 
against  11.  10.  and  3.  of  the  15  strains  of  the  H.  mc/aninovenu  us  group,  respectively .  The  15  strains  of  the  B 
truvilis  group  were  all  (J-lactamase  producers  and  were  highly  resistant  to  penicillin  or  the  combination  of 
penicillin  and  gentamicin.  However,  gentamicin  reduced  the  MICs  of  clindamvcm  and  metronidazole 
against  1  and  7  strains  of  this  group,  respcctivelv .  The  in  vivo  tests  were  earned  out  in  mice  and  consisted  of 
measurements  of  the  effects  of  the  antimicrobial  agents  on  the  sizes  and  bactenal  content  of  abscesses 
induced  by  subcutaneous  injection  of  bactenal  suspensions.  The  results  of  the  in  vivo  tests  were  generally 
consistent  with  those  obtained  in  vitro  with  strains  of  the  H.  meluninttvemcns  croup.  Synergism  between 
gentamicin  and  penicillin,  clindamycin,  or  metronidazole  was  shown  in  15.  111.  and  3  strains  of  this  group, 
respectively.  In  vivo  synergism  was  not  clearly  demonstrated  with  the  strains  of  the  B.  trawl  is  group, 
possibly  because  clindamycin  and  metronidazole  used  alone  were  highly  efficacious.  We  suggest  that  the 
synergistic  effect  of  gentamicin  is  due  to  its  increased  transport  into  the  bactenal  cell  in  the  presence  of 
penicillin  and.  possibly,  other  antimicrobial  agents.  The  newly  recognized  in  vitro  and  in  vivo  synergism 
between  penicillin  and  other  antimicrobial  agents  and  jn  aminoglycoside  in  B.  melaninovenicus  may  have 
clinical  implications  that  deserve  to  be  investigated. 


Anaerobic  bacteria  of  the  Bacteroides  truvilis  and  Bacte¬ 
roides  melaninouenit  us  groups  are  important  clinical  patho¬ 
gens.  B.  truvilis  in  intra-abdominal  abscesses  i2.  7).  B. 
melaninovenicus  in  lung  and  upper  respiratory  infections  t  It. 
Since  Bacteroides  spp.  are  often  recovered  from  mixed 
ir/eetions  with  aerobic  bacteria,  penicillin  or  a  cephalospo¬ 
rin  is  commonly  administered  for  the  treatment  of  infections 
due  to  B  melaninovenicus  group  bacteria,  and  chloram¬ 
phenicol,  cefoxitin,  clindamycin,  or  metronidazole  is  given 
for  B.  truvilis  group  infections.  When  enteric  gram-negative 
organisms  are  suspected  in  addition  to  anaerobes,  aminogly  - 
cosides  are  also  administered. 

A  number  of  investigators  have  been  concerned  with  the 
possibility  of  antagonism  between  antibiotics,  which,  fortu¬ 
nately.  has  not  been  encountered  with  drugs  used  against 
Bacteroides  spp.  (4.  5.  10.  161.  A  by-product  of  these  studies 
has  been  the  discovery  that  some  antibiotics  act  synergisti- 
cally  against  B.  Iravilis.  For  example.  Fass  et  al.  (5l  reported 
in  vitro  synergism  between  clindamycin  and  the  aminoglyco¬ 
side  gentamicin.  These  results  were  confirmed  by  Okuba- 
dejo  and  Allen  ( 161.  who  found  this  combination  to  be  more 
effective  than  clindamycin  combined  with  kanamycin.  Busch 
et  al.  (41  obtained  a  significant  synergistic  effect  between 
clindamycin  and  the  antimicrobial  agent  metronidazole  in  13 
of  17  strains.  Ralph  and  Amatnieks  ( 18)  tested  six  drugs  in 
combination  with  metronidazole  and  found  that  nalidixic 
acid,  clindamycin,  and  rifampin  had  a  synergistic  effect  on 
some  strains.  Thadepalti  et  al.  (201  obtained  excellent  syner¬ 
gistic  activity  between  cefuroxime  and  penicillin  or  carbeni- 
cillin  in  two  of  three  strains. 

"  Corresponding  author. 


This  work  was  prompted  by  the  need  to  extend  the  above- 
described  observ  at  ions  on  drug  synergism  to  other  antibac¬ 
terial  combinations  and  to  strains  of  the  B.  melaninovenicus 
group.  We  show  that,  with  many  strains,  gentamicin,  which 
by  itself  has  a  negligible  inhibitory  effect  on  Bacteroides 
spp..  is  very  effective  in  combination  with  penicillin,  clinda¬ 
mycin.  or  metronidazole  in  reducing  the  minimal  inhibitory 
concentrations  (MICst  of  these  antimicrobial  agents  and  in 
suppressing  abscess  formation  in  infected  mice. 

(The  experiments  conducted  herein  were  earned  out  in 
accordance  with  the  principles  set  forth  in  the  Guide  tor  the 
Care  and  l  sc  ot  l.ahorators  Animats.  Institutes  of  Labora¬ 
tory  Resources.  National  Research  Council.  Department  of 
Health.  Education,  and  Welfare  publication  no.  NIH  '4-23. ) 

MATERIALS  AND  METHODS 

Bacteria.  All  Bacteroides  strains  were  recent  isolates  from 
clinical  specimens  obtained  from  the  Children's  Hospital. 
Washington.  D.C.  or  from  the  Naval  Medical  Command. 
National  Capital  Region.  Bethesda.  Md.  They  were  identi¬ 
fied  in  this  laboratory  by  standard  procedures  (8.  IV).  Of  15 
isolates  of  the  B.  melaninovenicus  group.  7  were  Bacte¬ 
roides  intermedins.  4  were  Bacteroides  asaccharolxticus. 
and  4  were  B.  melaninovenicus.  Of  15  isolates  of  the  B. 
fravdis  group.  6  were  B.  truvilis  and  3  each  were  Bacteroides 
vulvatus.  Bacteroides  matus.  and  Bacteroides  thetaiolaomi- 
eron  (see  Tables  1  and  2).  All  strains  were  encapsulated  as 
confirmed  by  the  Hiss  staining  method  1 14i  and  by  electron 
microscopy  after  st  jmng  with  ruthenium  red  l9l.  Stock 
suspensions  were  stored  in  skim  milk  at  -70'C.  For  the 
experiments  described  here,  the  bacteria  were  grown  anaer- 
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obicaily  on  blood  agar  plates  vsith  a  brain  heart  infusion  base 
tDifco  Laboratories.  Detroit.  Mich.)  for  a  total  of  two  or 
three  passages  after  isolation. 

Animals.  Male  Swiss  albino  mice  weighing  -0  to  25  g  each 
were  obtained  from  the  Nasal  Medical  Research  Institu'e 
mouse  colons.  The  mice  were  raised  under  consentional 
conditions. 

Antimicrobial  agents.  The  following  antimicrobial  agents, 
obtained  from  the  indicated  sources,  were  used:  penicillin  G. 
E.  K.  Squibb  &  Sons.  Inc..  Pnnceton.  N.J.;  clindamycin. 
The  Upjohn  Co..  Kalamazoo.  Mich.:  metronidazole.  G.  D. 
Searle  &  Co..  Chicago.  III.;  and  gentamicin.  Schering  Corp.. 
Kenilworth.  Ill  MICs  were  determined  by  the  agar  dilution 
method  (IV)  with  a  senes  of  nine  concentrations  of  each 
agent.  Each  experiment  was  repeated  twice.  For  penicillin 
G.  the  concentrations  were  12.  6.  .V  1.5.  0.75.  0.2.  0.1. 0.05. 
and  0.01.  p.g  ml.  except  that  concentrations  of  as  high  as  64 
g.g  ml  were  used  in  preliminary  tests  with  strains  of  the  B. 
travili s  group.  For  clindamycin,  metronidazole,  and  genta¬ 
micin.  twofold  dilutions  were  used  from  10  to  0.04  .  50  to  (1.1. 
and  200  to  0.8  ggml.  respectively.  The  in  \:tro  synergistic 
effect  of  gentamicin  was  determined  by  adding  10  gg  of 
gentamicin  per  ml  to  each  dilution  of  the  antimicrobial  agent 
to  be  tested.  The  effect  was  considered  synergistic  if  it 
reduced  the  MIC  of  the  associated  antibacterial  agent  by 
fourfold  or  more. 

(3-Lactamase  activity  was  determined  for  all  microorga¬ 
nisms  by  use  of  a  ehromogenie  cephalosporin  substrate  ( 15). 

Infection  of  mice  and  antimicrobial  therapy.  Experiments 
usually  consisted  of  150  to  2lX)  animals  tested  simultaneous¬ 
ly  .  with  6  mice  per  experimental  group,  except  it)  mice  were 
used  for  determination  of  the  levels  of  antimicrobial  agents 
in  serum  and  in  abscesses.  Mice  were  infected  by  subcutane¬ 
ous  injection  into  the  right  groin  of  0.1  -ml  volumes  of 
suspensions  in  saline  containing  Ilf*  bacteria  per  ml  The 
antimicrobial  agents,  used  singly  or  mixed  with  gentamicin, 
were  administered  intramuscularly  on  alternate  thighs  2  h 
after  inoculation  and  at  8-h  intervals  for  7  day  s.  The  amounts 
administered,  in  terms  of  a  2l'.-g  mouse  pier  injec'ion.  were  as 
follows:  penicillin  G.  O  h7  mg:  clindamicin.  0.2”  mg:  metro¬ 
nidazole.  0.33  mg:  and  gentamicin.  0.05  mg. 

The  mice  were  sacrificed  on  day  7  by  cervical  dislocation. 
The  sizes  of  the  abscesses  were  estimated  from  measure¬ 
ments  by  caliper  of  two  perpendicular  diameters,  corre¬ 
sponding  to  maximum  length  and  width.  The  product  of 
these  two  measurements,  expressed  as  millimeters  squared, 
was  approximately  proportional  to  the  outer  surface  of  the 
abscess.  Foi  the  determination  of  the  bacterial  contents  of 
the  abscesses,  the  abscess  material  was  removed  aseptically 
and  homogenized  in  an  anaerobic  glove  box  in  1  ml  of  sterile 
saline  in  a  ground  glass  tissue  homogenizer.  Tenfold  serial 
dilutions  of  the  homogenates  were  made  in  sterile  saline,  and 
0. 1-ml  volumes  of  each  dilution  was  spread  in  triplicate  on 
brain  heart  mfusion-ennehed  blood  agar  plates.  No  attempt 
was  made  to  inactivate  the  antimicrobial  agents  in  the 
homogenized  abscess  material,  since  a  considerable  dilution 
was  achieved  before  plating,  especially  with  the  smaller 
abscesses.  Colonies  were  counted  after  incubation  at  37°C  in 
an  anaerobic  chamber  for  4ft  h.  and  the  results  are  presented 
as  log,,!  of  viable  bacteria  per  abscess. 

In  vivo  sy  nergism  was  defined  as  a  significant  reduction  ( P 
<  0.01)  in  abscess  size  associated  with  addition  of  gentami¬ 
cin  to  the  other  antimicrob-al  agent.  Statistical  analyses  were 
accomplished  with  the  Student  t  test  of  independent  means. 

The  levels  of  the  antimicrobial  agents  in  sera  and  abscess¬ 
es  were  determined  in  a  separate  group  of  mice  by  the 


follow  ing  methods:  penicillin  G  and  clindamy  cin,  agar  diffu¬ 
sion  assay  1 1 2 )  with  Mu  rot  on  us  lutcu.s  A  I  CC  9341  (  Ameri¬ 
can  Type  Culture  Collection.  Rockville.  Md.l;  metronida¬ 
zole.  high-pressure  chromatography  (21 1:  gentamicin,  agar 
diffusion  assay  with  Hutillus  suhnlis  ATCC  6051. 

RESULTS 

In  vitro  susceptibility  of  Bacteroides  strains.  Table  1  shows 
the  MICs  of  15  isolates  of  the  K  mtlaninovfninis  group  with 
respect  to  three  antimicrobial  agents  tested  alone  or  in 
combination  with  It)  g.g of  gentamidin  per  ml.  Although  none 
of  the  isolates  produced  (3-lactamase,  susceptibility  to  peni¬ 
cillin  varied  greatly,  requiring  MICs  ranging  from  0.01  to  6 
M-gml.  The  MICs  for  5  of  b  strains  requiring  high  MICs  and 
several  requiring  moderate  MICs.  a  total  of  11.  were  signifi¬ 
cantly  reduced  by  gentamicin.  Susceptibility  to  clindamycin 
varied  somewhat  less,  with  MICs  ranging  from  0,31  to  2.5 
ggml.  Ten  of  these  MICs  were  reduced  by  gentamicin.  With 
metronidazole,  the  MICs  were  close  to  the  lower  concentra¬ 
tions  used  in  the  test.  0.2  to  1.6  q-gml.  and  the  MICs  of  only 
three  strains  were  reduced  by  gentamicin.  It  is  possible, 
however,  that  the  concentrations  used  were  not  sufficiently 
low  to  detect  all  possible  instances  of  synergism  with  strains 
of  the  B.  melaninavrnifus  and  B.  truuilis  groups.  Gentami¬ 
cin  by  itself  had  little  if  any  inhibitory  effect  on  strains  of 
either  group  iTables  1  and  2l. 

All  15  strains  of  the  B.  fravilis  group  were  (3-lactamase 
producers  and  highly  resistant  to  penicillin  iMICs.  >64 
Hgmll  in  the  presence  or  absence  of  gentamicin  tdata  not 
showni.  The  MICs  of  clindamycin  and  metronidazole  alone 
and  in  combination  with  gentamicin  are  shown  in  Table  2. 
The  M1C  of  clindamycin  ranged  from  0.15  to  2.5  p.g  ml.  but 
the  MIC  was  reduced  by  gentamicin  for  only  one  strain,  from 
0.15  to  0.04  qg  ml.  The  MIC  of  metronidazole  ranged  from 
0.2  to  6.25  p.g  ml.  The  MICs  for  seven  strains  were  reduced 
to  a  moderate  extent  by  g-ntamicin. 

In  vivo  effect  of  combined  antimicrobial  therapy  .  The  30 
isolates  used  in  these  studies  reproducihly  elicited  abscesses 
when  injected  into  the  groins  of  mice.  Since  these  strains 
were  encapsulated,  no  virulence-enhancing  factor  was  re¬ 
quired  19).  The  sizes  of  these  abscesses  tsee  Tables  3  and  4) 
are  measurements  of  outer  surfaces,  as  described  in  Materi¬ 
als  and  Methods.  This  type  of  measurement  was  used  in 
preference  to  volume  because  the  thickness  of  the  abscesses 
could  not  be  estimated  w  tth  accuracy  and  the  abscesses  were 
not  firm  enough  to  be  dissected  out  and  weighed.  Without 
antimicrobial  therapy  ,  the  abscesses  achieved  a  mean  outer 
surface  size  of  about  300  mm;.  with  relatively  small  differ¬ 
ences  among  the  strains. 

The  effects  of  antimicrobial  therapy  on  abscess  formation 
of  isolates  of  the  B.  melaninoiienicus  group  are  shown  in 
Table  3.  The  abscesses  induced  by  12  of  15  strains  were 
reduced  to  a  significant  but  relatively  moderate  extent  by 
penicillin.  A  substantial  further  reduction  was  achieved  with 
a  combination  of  penicillin  and  gentamicin  with  these  12 
strains  and  with  one  which  had  not  been  affected  by  penicil¬ 
lin  administered  singly.  The  results  (Table  3)  agreed  reason¬ 
ably  well  from  those  expected  from  MIC  determinations 
(Table  1).  An  unexplained  discrepancy  is  the  low  MICs  of 
penicillin  for  strain  8  of  B.  u.saichurolyiicus  and  the  lack  of 
in  vivo  effiracy.  Clindamy  cin  greatly  reduced  the  sizes  of  all 
abscesses,  and  an  even  greater  reduction  was  achieved  with 
nine  strains  when  the  drug  was  combined  with  gentamicin. 
These  results  are  in  good  agreement  with  those  shown  in 
Table  I.  Metronidazole  proved  to  be  efficacious  against  all 
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TABLE  1.  MICs  of  penicillin,  clindamycin,  and  metronidazole  alone  and  in  combination  Mth  gentamicin  for  isolates  of  the  B. 

melumnogenu  u*  group 

MIC  lugmllof' 


Isolate" 

Penicillin  G 

Clmdamvcin 

Metronidazole 

Gentamicin  alcne 

* 

_ 

— 

— 

B.  intermedia* 

7 

6 

or 

0.62 

0.62 

0.4 

0.4 

100 

12 

0.01 

0.01 

0.62 

0.62 

08 

0.8 

200 

37 

0.1 

o.or 

0.62 

0.04' 

1.6 

1.6 

1(8) 

54 

3 

o.or 

2.5 

0.62' 

0.8 

0.8 

100 

<5 

6 

o.or 

2.5 

0.62* 

0.4 

0.2 

200 

397 

1.5 

o.or 

1.25 

0.62 

1.6 

0.2‘ 

100 

509 

1.5 

o.or 

2.5 

0.04‘ 

1.6 

0.2' 

200 

B.  asmt 'harotxticus 

8 

0.01 

0.01 

1.25 

0.04' 

0.8 

0.8 

200 

114 

1.5 

0.05* 

1.25 

0.04' 

0.4 

0.4 

200 

221 

6 

o.or 

1.25 

0.62 

0.8 

0.4 

100 

281 

6 

o.or 

0  31 

0.08' 

0.4 

0.4 

100 

B.  melaninogenu  us 

i72 

1.5 

o.or 

0.31 

0.31 

08 

0.2' 

200 

292 

1.5 

o.or 

0.31 

0.04' 

08 

0.8 

200 

375 

0.1 

0.1 

1.25 

0.31' 

0.4 

0.4 

100 

446 

6 

3 

0.67 

0.04' 

0.2 

0.2 

100 

Synergistic  combination v  total 

11/15 

1015 

3  15 

“  Naval  Medical  Research  Institute  number. 

*  -.  Without  gentamicin:  with  gentamicin  (10  ugml). 

'  Synergistic  effect  as  defined  in  the  te\t. 


TABLE  ..  MICs  of  clindamycin  and  metronidazole  alone  and  in 
combination  with  gentamicin  for  isolates  of  the  B  fruieilis  group 


Isolate" 

Omdaimcin 

MIC  ml)  of: 

Metronidazole 

Gentamicin 

- 

- 

- 

* 

alone 

B.  frag  His 

13 

0.31 

0.31 

0.8 

0.2 

200 

21 

0.15 

0.08 

0.8 

0.2' 

200 

38 

0.15 

0.04' 

0.4 

0  2 

100 

43 

0.31 

0.31 

0.8 

0.2' 

200 

52 

1.25 

0.62 

0.2 

0.2 

200 

181 

1.25 

1.25 

3.1 

3.1 

200 

B.  vulgatus 

200 

0.62 

1.25 

0.8 

0.2- 

100 

360 

0.62 

u.62 

0.8 

0.2- 

200 

583 

1.25 

0.62 

0.8 

0.2- 

200 

B.  ovatu.% 

0.62 

0.62 

1.6 

1.6 

200 

105 

0.31 

0.31 

0.8 

0.8 

200 

234 

0.15 

0.08 

0.4 

0.2 

200 

B.  ihetaio  uomicntn 

27 

1.25 

0.62 

6.2 

1.6' 

100 

85 

0.62 

0.62 

3.1 

1.6 

200 

176 

2.5 

2.5 

3.1 

1.6 

200 

Synetgislic 

1/15 

7/14 

combi  nationvtotal 

“  Naval  Medical  Research  Institute  number. 

*  Without  gentamicin:  ■».  with  gentamicin  GO  u-gml). 
'  Synergistic  effect  as  defined  in  the  tent. 


strains.  However,  synergism  with  gentamicin,  apparent  in 
four  strains,  did  not  correlate  well  with  in  vitro  synergism. 
Gentamicin  administered  by  itself  did  not  result  in  a  reduc¬ 
tion  in  the  sizes  of  the  abscesses,  but  surprisingly,  in  some 
cases  elicited  a  significant  increase. 

As  expected,  none  of  the  abscesses  elicited  by  the  15 
strains  of  the  B.  frugitis  group  were  affected  by  penicillin  or  a 
combination  of  penicillin  and  gentamicin  (data  not  shown). 
Similarly,  gentamicin  was  without  effect,  except  that  it 
elicited  an  increase  in  the  sizes  of  abscesses  induced  by  one 
strain  (Table  4).  As  expected  from  the  data  shown  in  Table  2. 
clindamycin  and  metronidazole  were  efficacious  against  all 
strains,  but  synergism  with  gentamicin  was  not  clearly 
demonstrated  in  vivo. 

The  v  iable  counts  of  the  abscesses  described  in  Tables  3 
and  4  are  shown  in  Tables  5  and  6.  With  strains  of  the  B. 
mtluninogenicus  group  (Table  5)  the  number  of  CFU  in 
untreated  mice  were  relatively  uniform,  with  means  ranging 
from  10*  *  to  10'**-  per  abscess.  Penicillin  administered 
singly  reduced  the  number  of  CFU  of  all  strains,  even  in 
cases  in  which  a  therapeutic  effect  was  not  demonstrated. 
The  reduction  varied  from  about  2  to  6  logs.  When  penicillin 
was  administered  in  combination  with  gentamicin,  the  viable 
counts  were  generally  reduced  to  10:  or  less.  The  four 
exceptions  (10j;  to  10*  *1  included  the  two  instances  of 
abscesses  which  were  not  reduced  in  size  by  chemotherapy. 
Clindamycin  and  metronidazole  administered  singly  greatly 
reduced  the  number  of  CFU.  with  relatively  few  means 
exceeding  10'  per  abscess.  Because  of  the  relatively  small 
number  of  CFU.  a  further  reduction  by  combination  chemo¬ 
therapy  is  apparent  m  only  a  few  cases.  Gentamicin  adminis¬ 
tered  singly  did  not  reduce  the  number  of  CFU.  The  possibil- 
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TABt.H  V  Impacts  of  treat  men  I  vuth  penicillin.  clindamycin,  and  metromda/ole  alone  and  in  combination  *ith  gentamicin  on  abscess 

sizes  m  mice  infected  vuth  isolates  of  the  B  rm  lanintnu  nu  n\  group 


Isolate 


None 
i  untreated 
mice  i 


Mean  r  SO  abbess  m/c  imrrr)  after  treatment  *ith  lolloping  drug  dose  imi:  per  da\  i 


Penicillin  (i  i  lOOi 


Oindamvcin  Util 


Metronidazole  i <<*» 


( jentamivin  alone 


B.  irtterwcdun 

17 

17 

54 

55 
397 
509 


2XX 

t 

26 

14B  r  17" 

314 

Z 

:x 

1 IX  -  14" 

317 

z 

14 

17X  -  17" 

79B 

z 

24 

44  -.  IB" 

7"4 

z 

32 

11)8  t  77" 

32X 

z 

32 

131  -  IB" 

347 

z 

42 

14X  -  74" 

i;  i  i4‘  ix  *  17" 
IX  r  17'  74  t  17" 
3X  •  9  7B  -  5" 
74  t  X‘  3B  -  x" 
40  t  B'  74  r  B" 
34  *  14'  IX  -  10" 
7X  -  IX'  30  *  lh" 


74  ;  t  77  *  X" 

19  -  13  37  r  17" 

111'  <B  t  11" 

4  r  b  7B  -  '" 

7:4'  IX  r  X" 

IX  *  11  14  -  111" 

B  *  7'  74  r  17" 


IB  -r 

362  * 

u 

s  * 

4' 

2X4  - 

r 

4  * 

3' 

'42  * 

v* 

9)  r 

IK 

4<M  z 

2K 

14  .t 

r 

342  * 

*2 

74  - 

s 

346  i 

48 

3  7  37x  ;  ’•(! 


B.  astict  lutrols  in  in 


8 

3 IX 

T 

28 

2^4 

r 

74 

747 

r 

15 

IB  t  17" 

7  1 

77  r  17" 

16  ~  6 

374  - 

IB 

114 

300 

r. 

lx 

A'S*’ 

r 

r 

24 

r 

6 

28  :  ir 

7  r  1 

63  •  10* 

5  =  6 

<7S  r 

19 

771 

112 

- 

41 

147 

* 

22* 

51 

* 

17' 

17  -  B" 

14  -  B 

15  X" 

IX  t  X 

482 

82“ 

7X1 

285 

* 

38 

107 

* 

IB" 

24 

z 

IB' 

40  z  4" 

1  1  O' 

71  t  3" 

13  *  0 

408  * 

42 

B.  nu'liirunimt  nii  u\ 

r  7 

347 

z 

30 

130 

t 

71" 

*>  ^ 

z 

IB' 

IX  17" 

74  -  10 

32  - 

IX  -  4 

328 

s'* 

797 

330 

z 

1'7 

r 

24* 

14 

r. 

3* 

33  r  4* 

1  -  !' 

:x  * 

7s  -  13 

4^8  - 

7B" 

3-5 

352 

z 

24 

147 

s 

IB" 

IB 

z 

8’ 

7S  t  70" 

6  -  3 

74  r  5" 

40  -  w 

368  * 

40 

446 

284 

z 

10 

265 

r 

48 

194 

z 

42 

37  t  IX" 

2  !  4' 

IX  -  17" 

77  r  13 

417  - 

“  The  mice  were  infected  und  treated  as  described  in  Materials  and  Methods  The  abscess  si/es.  determined  sin  day  '  posttnlection.  are 
expressed  as  the  prtxlticls  of  iwo  surface  dimensions  imillimeters  squared!  and  are  presented  as  Ihe  means  -  siundard  deviations  of  six  mice 
in  each  group.  .  Without  gentamicin:  -  .  sxith  gentamicin  l?,5  mg  kg  per  das  i. 

*  Significant  reduction  iP  •  O.C,])  of  abscess  si/e  by  a  single  antimicrobial  agent  issiihout  gentamicml. 

'  Significant  synergistic  etfecl  i P  ■  0.01 1  with  gentamicin 
J  Signiticanl  increase  i P  ■.  0.01 1  of  abscess  si/e. 


ity  that  in  some  cases  it  may  hase  enhanced  them  cannot  be 
excluded. 

With  strains  of  the  B.  fravilis  group  (Table  6).  the  number 
of  CFU  in  the  abscesses  of  untreated  mice  ssere  also 
relatively  uniform,  from  10* "  to  and  the  counts  in  the 

gentamicin-treated  mice  were  approximately  the  same.  Clin¬ 
damycin  had  a  variable  effect  on  the  number  of  CFU. 
reducing  them  by  about  2  to  X  logs.  A  further  reduction  by 
this  drug  in  combination  with  gentamicin  is  not  apparent. 
The  reduction  achieved  by  metronidazole  was  somewhat 
higher,  from  about  .3  to  9.5  logs.  In  combination  with 
gentamicin,  metromdazoie  significantly  reduced  the  number 
of  CFU  in  only  one  instance  I B.  fravilis  13).  The  abscesses 
elicited  by  this  strain  and  this  drug  combination  were  also 
reduced  to  a  small  but  not  highly  significant  extent  (Table  41. 

The  concentrations  of  the  antimicrobial  agents  in  sera  and 
in  the  abscesses  of  mice  were  checked  with  only  two  strains 
(J3.  asactharolyiirus  114  and  B.  Jravilis  13)  and  only  on  day  7 
after  infection  (Table  7).  It  is  obvious  that  sufficient  levels 
were  achieved  in  both  iocations  to  inhibit  the  susceptible 
strains.  It  is  interesting  to  note  <hat  the  penicillin  concentra¬ 
tions  in  the  abscesses  were  considerably  lower  in  mice 
infected  with  the  B.  fravilis  strains  than  in  those  infected 
with  B.  asaccharolyticus.  possibly  because  the  B.  fravilis 
strains  but  not  the  B.  asarrhamlyticus  strains  contained  13- 
lactamase  which  destroyed  penicillin. 

DISCUSSION 

In  this  study,  30  strains  of  Buctvroides  spp.  were  tested  for 
their  susceptibilities  to  four  antimicrobial  agents  plus  three 
antimicrobial  agent  combinations  by  three  criteria:  MIC. 
reduction  in  sizes  of  abscesses  elicited  in  mice,  and  bacterial 


content  in  these  abscesses.  Often,  but  not  always,  low  MICs 
correlated  well  with  small  abscess  sizes  and  low  bacterial 
contents.  Some  of  the  more  obvious  discrepancies  have 
already  been  noted.  In  other  cases,  although  the  general 
trend  was  the  same,  there  were  large  differences  in  the 
bacterial  content  of  abscesses  of  approximately  equal  size 
(compare,  for  example,  the  effect  of  clindamycin  in  Tables  4 
and  hi.  These  discrepancies  and  qualitative  differences  may 
in  some  cases  he  due  to  imperfections  of  the  animal  model 
and  methodology  used.  However,  the  mice  appeared  to  have 
tolerat ;d  well  the  multiple  injections  of  ihe  antimicrobial 
agents,  and  our  limited  test  of  antimicrobial  agent  content  in 
sera  and  abscesses  indicated  that  the  dosage  was  adequate. 
Undoubtedly,  unrecognized  variations  in  the  physiological 
properties  of  the  strains  played  an  important  role.  Thus,  both 
in  vitro  and  in  vivo  results  must  he  taken  into  consideration 
before  any  conclusions  are  derived  from  this  study. 

Previous  investigations  of  the  effect  on  Bacwmide.,  spp.  of 
antibiotics  and  antibiotic  combinations  were  primarily  con¬ 
cerned  with  B.  fravilis  14-b.  1(>—13.  lb.  IS.  20.  22).  There  is 
general  agreement  that  gentamicin  by  itself  is  iclativcly 
ineffective  lb).  The  exacerbation  of  some  of  the  abscesses 
seen  in  this  study  was  possibly  due  to  interference  with  the 
defense  mechanism  of  the  hosts  (unpublished  observations). 

Metronidazole  has  been  recognized  as  one  of  the  most 
effective  antimicrobial  agents,  consistently  inhibitory  and 
bactericidal  at  achievable  in  vivo  concentrations  (22).  Be¬ 
cause  of  this  finding,  this  agent  has  been  most  frequently 
studied  in  combination  with  other  antibiotics,  such  as  clinda¬ 
mycin  (4.  1X1  and  spiramycin  (11),  which  proved  to  he 
synergistic.  The  combination  of  clindamycin  and  gentamicin 
has  been  found  to  be  synergistic  by  some  <5.  lb)  but  not  bs 
all  investigators  l  Iff). 
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TABl.K  4  Impact'  of  treatment  with  clindamycin  and  metronidazole  alone  and  in  combination  with  gentamicin  on  abscess  sizes  in  mice 

infected  wiih  isolates  of  the  H.  Iravilis  group 

Mean  *  SI)  abscess  si/e  imm'  i  alter  Heatment  with  tallowing  drug  dose  img  kg  per  das  i’ 


Is,, laic 

\,,nc 

c 

ivcin  (401 

Metronidazole  i5U» 

■  unircaicd  micci 

- 

• 

. 

- 

ticnlamism  alone 

H.  t'rauthy 

14 

lib  *  29 

Ktl 

-  lr 

69 

t 

ii 

44 

»  s  s 

25  -  9 

IK l  -  lb 

21 

34X  t  14 

b5 

7  lr 

48 

* 

21 

42 

i  K* 

17  =  12 

3X0  r  21 

3x 

29b  ;  42 

K2 

r  14* 

M 

7 

14 

IK 

i  12* 

2K  =  14 

114  -  lb 

4.1 

UK  *  4K 

12 

~  21* 

42 

7 

12 

IK 

:  11* 

31  *  11 

!h2  *  42 

.152  *  2K 

lb 

7  8* 

2K 

* 

9 

12 

i  111* 

lb  -  15 

142  =  IK 

1X1 

,3b4  *  2h 

2K 

♦  7* 

14 

7 

12 

21 

r  12* 

17  *  9 

119  r  51 

H.  Ill/cutll, 


200 

112  t  2K 

4h  z  h* 

41  -  IK 

14  -  12* 

11  r  20 

2K4  r  4V 

Ihtl 

142  -  20 

5K  *  K* 

hi  z  10 

hh  ;  12* 

h9  -  10 

12b  t  20 

5X3 

2'X  -  IK 

h2  *  11* 

54  4  21 

5(i  ;  IK" 

42  :  ' 

2h2  *  1 

B.  iniiru\ 


■yy 

100 

7 

IK 

9b  7 

K" 

105 

Mb 

t 

lb 

8:  r 

21" 

254 

14X 

r 

24 

lb  r 

12" 

B.  tfu  Imofuonut  rt*n 

loo 

r 

IK 

8b  r 

10* 

K5 

29K 

r 

14 

48  t 

15" 

1'b 

14K 

7 

2X 

h2  7 

|7" 

9b  r  15 

r  7  y 

51  -  11 

105 

-  25 

72  t  15 

M  z  ~n 

51  r  IK 

112 

-  2b 

19  -  11 

22  ~  ir 

21  t  11 

115 

r  5k 

9b  - 

15 

24  r 

(f 

IK  t  5 

40b  -  r 

54  7 

21 

40  z 

42  ;  15 

Mb  r  44 

59  - 

IK 

12  r 

2* 

22  t  15 

508  r  52 

“  The  mice  were  infected  as  described  in  Materials  and  Methods.  The  abscess  sizes,  determined  on  day  7  post  infect  ion.  are  expressed  as  the 
products  of  two  surtV  dimensions  i  millimeters  squared)  and  are  presented  as  the  means  r  standard  deviations  of  sis  mice  in  each  group 
Without  gentamici  i,  -  .  with  gentamicin  |7.5  mg  kg  per  day  I. 

"  Signiticant  reduction  i /*  ■  11.01)  of  abscess  size  by  a  single  antimicrobial  agent  iwithout  gentamicini. 

'  Signiticant  increase  i/’ ■  0.01)  of  abscess  size. 


Our  in  vitro  results  with  strains  of  the  B.fragiUs  group  are 
not  surprising.  The  fact  that  in  vitro  synergism  between 
clindamycin  or  metronidazole  and  gentamicin  was  not  clear¬ 
ly  reflected  in  in  vivo  abscess  reduction  might  be  attributed 


to  the  efficacy  of  clindamycin  and  metronidazole  used  sin¬ 
gly. 

More  signiticant  are  our  results  of  in  vitro  and  in  vivo 
synergism  between  penicillin  and  gentamicin  against  B. 


TABLE  5.  Impacts  of  treatment  with  penicillin,  clindamycin,  and  metronidazole  alone  and  in  combination  with  gentamicin  on  CEL  in 
abscesses  ot  mice  infected  with  isolates  of  ihe  H.  nteUtninmn  nu  u\  croup 


Mean  *  SI)  log,,,  t'K  alter  treatment  with  lolitminc  Jruc  Jose  ime  Wp  per  Juv  1 


Isolate 

None 

PenKillm  (i  I  tUOl 

i  untreated  mieci 

C  linduirnon  <40> 


Metronidazole  «*«»» 


( icntantuin  alone 


B.  intrrnn'dius 


7 

9,7 

- 

Oh 

h  X 

7 

0.3 

1.9 

*  Oh 

12 

K.K 

7 

1.2 

h.2 

7 

0.4 

4.2 

r  0.3 

15 

9  h 

.7 

OK 

s.4 

7 

Oh 

2.0 

r  0  2 

54 

9.X 

7 

0.4 

4.4 

7 

0.4 

1.2 

-  1.4 

o 

10.2 

7 

OK 

4.4 

7 

0.4 

- 

1.0 

597 

K.K 

7 

0.5 

5.2 

7 

OK 

1.4 

:  O.b 

509 

9.4 

7- 

OK 

7.3 

7 

1.4 

1.3 

i  1.1 

B  iiuu  (  hurol\tu  t4\ 

K 

9.h 

7 

0.5 

5.4 

7 

1.2 

4,8 

*  1.2 

114 

10.0 

* 

0.5 

7.K 

7 

O.b 

1.5 

t:  0.9 

221 

9.K 

7 

0.9 

b.5 

7 

0.8 

1.4 

*  0.4 

2K1 

10.2 

7 

0.4 

X.h 

7 

0.9 

1.5 

;  l.o 

B.  mrUinirumvnu  u\ 

172 

9.5 

7 

0.3 

5.b 

7 

O.b 

1.5 

z  0.K 

292 

9.K 

7 

O.b 

5.b 

7 

O.b 

1.2 

i  0.4 

575 

9,b 

7 

0.7 

7.4 

7 

OK 

h.4 

?:  1.2 

44b 

10.4 

7 

0.4 

7.2 

7 

1.2 

5.K 

z  1.0 

12 

7  0  8 

-  10 

-  1.0 

■  It) 

9.' 

-  0  b 

1  4 

*  0  b 

•1.0 

2.2  *  114 

•  1.0 

9 : 

*  0  K 

1  X 

7  0.4 

•  1.0 

1.4  -  O  K 

1.2  -  1)  h 

9  4 

*  0  b 

1.0 

1.2  t  0.4 

2.0  til 

2.2  •  o  2 

9  b 

•  0  S 

2.4 

7  0  b 

<1.0 

2.4  *  0.4 

l.K  -  0.2 

11.8 

-  1  4 

l.K 

7  1.0 

<1.0 

-10 

2.1  to 

io.: 

•  1.0 

2.K 

7  0.4 

1.2  i  0.2 

2.2  t  0.4 

l  .K  -  0  4 

9.8 

r  1.: 

2.b  t 

0  b 

-  1.0 

l.h  r  0.4 

l  .K  -  II  4 

10  8 

•  i.: 

1.3  t 

1.0 

•1.0 

2.3  7  0  ~ 

1."  -  o  4 

11. 1 

*  0  4 

l.K  t 

11.4 

1.2  t  0.4 

2.1  7  0  8 

2.5  -  O.b 

ii.: 

-  1.2 

2.b  - 

Oh 

1.2  t  0.4 

l  .K  7  0  b 

•  111 

9  b 

*  0.8 

2.5  t  0.5 

<1.0 

2.1  t  12 

1.3  -  1.1 

10.-  t  0.8 

4.1  t  0  5 

3.2  t  OK 

3.1  t  Lb 

2.K  z  II  8 

9.8  t  0.8 

3.2  z:  0.4 

2.2  t  0.4 

2.2  *  O  K 

1.2  t  0 

9.4  r  Oh 

2.0  t  0.4 

l.h  i  Oh 

l.K  r  O.b 

1.0  -  O  b 

12. 1  -  1.8 

*  Pari  of  experiment  presented  in  Table  .V  CFL'  are  expressed  ax  log,,,  per  abscess  and  are  the  means  7  standard  deviations  of  specimens 
denved  from  six  mice  per  group.  Without  gentamicin;  ♦.  with  gentamicin  (7.5  mg  kg  per  davi. 
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TABLE  6.  Impacts  of  treatment  with  clindamycin  and  metronidazole  alone  and  in  combination  with  gentamicin  on  CEL'  in  abscesses  of 

mice  infected  with  isolates  of  the  B.  franilis  group 


Isolate 


None 

I  untreated  micei 


Mean  r  SD  log,,,  CFC  after  treatment  with  following  drug  dose  (mg  kg  per  day  If 


Clindamvcin  (401 


Metronidazole  1 50 r 


Gentamicin  alone  iff) 


B.  franilis 


1.3 

10.4 

£ 

0.5 

7  -> 

0.7 

5.9 

* 

0.8 

4.3 

r 

0.8 

1.2 

r 

1.0 

10.4 

z 

0.6 

:i 

9.6 

r 

0.8 

5.2 

£ 

0.8 

4.2 

£ 

1.2 

3.3 

£ 

0.6 

2.6 

£ 

1.2 

10.1 

z 

1.2 

38 

10.2 

- 

1.2 

6.4 

£ 

1.2 

5.3 

* 

0.8 

2.6 

- 

0.8 

3.4 

£ 

1.4 

9.2 

z 

1,4 

4.3 

9.6 

£ 

1.4 

4.2 

£ 

1.4 

4.4 

r 

0.6 

4.4 

£ 

1.2 

4.2 

z 

0.8 

8.8 

z 

1.1 

52 

8.6 

- 

2.0 

5.2 

z 

0.8 

6.4 

£ 

1.2 

5  5 

£ 

1.4 

4.2 

r 

0.6 

9.6 

z 

0.8 

181 

10.4 

Z 

1.6 

4.6 

z 

0.4 

4.2 

z 

1.0 

3.7 

z 

1.4 

4.1 

z 

0.4 

10.2 

z 

1.6 

B.  vulgatua 

200 

9.8 

Z 

1.2 

4.2 

z 

0.6 

3.6 

z 

0.8 

2.1 

z 

0.8 

3.  J 

z 

1.2 

9.0 

z 

0.7 

.60 

10.2 

Z 

1.0 

2.0 

z 

1.2 

1.7 

z 

0.6 

3.9 

z 

0.7 

3.9 

z 

0.4 

8.5 

z 

0.7 

583 

9.6 

z 

0.6 

.3.4 

z 

0.8 

5.0 

z 

1.2 

3.8 

- 

1.2 

3.4 

z 

0  8 

9.2 

z 

0.8 

B.  ovatus 

VI 

10.6 

r 

0.7 

3.1 

z 

0.8 

2.5 

z 

0.5 

2.4 

z 

0.5 

3.1 

z 

0.5 

10.2 

z 

0.5 

105 

9.6 

z 

0.8 

4.3 

z 

1.2 

4.2 

z 

1.6 

2.4 

z 

0.8 

2.4 

z 

0.4 

8.1 

z 

0.8 

234 

10.2 

z 

0.6 

5.5 

z 

1.4 

5.4 

z 

1.4 

4.4 

z 

1.2 

3.6 

z 

0.8 

9,8 

z 

0.5 

B.  thetutotuomicnw 

27 

10.8 

z 

0.3 

2.0 

z 

1.1 

1.8 

z 

0.8 

1.3 

z 

1.1 

1.6 

z 

0.8 

10.9 

z 

0.5 

85 

9.6 

z 

0.4 

6.4 

z 

1.2 

5.2 

z 

1.4 

3.3 

A 

1.0 

2.8 

z 

1.0 

10.2 

z 

0.4 

176 

8.8 

z 

0.8 

6.6 

z 

1.4 

6.4 

z 

1.2 

2.1 

z 

0.4 

2.0 

z 

0.8 

9.4 

z 

1.1 

“  Part  of  experiment  presented  in  Table  4.  C  FL  are  expressed  as  log,,,  per  abscess  and  are  the  means  -  standard  deviations  of  specimens 
derived  from  six  mic,  per  group.  Without  gentamicin;  with  gentamicin  (7.5  mg  kg  per  day). 


melaninoyenicus.  Synergistic  interaction  between  aminogly¬ 
cosides  and  penicillins  have  been  noted  and  studied  with 
certain  aerobic  or  facultative  anaerobic  organisms  (17).  For 
example,  this  combination  was  found  to  be  effective  in  the 
treatment  of  cnterococcal  and  staphylococcal  diseases.  It 
has  been  oostulated  that  the  penicillins,  which  inhibit  cell 
wall  synthesis,  enhance  the  penetration  of  aminoglycosides, 
which  are  capable  of  interacting  with  the  ribosomes.  There  is 
circumstantial  evidence  that  such  a  mechanism  may  prevail 
in  B.  melaninostenicus.  Bryan  et  al.  (3)  demonstrated  that 
cell-free  amino  acid  incorporation  B.  fra  nil  is  ribosomes  was 
inhibited  by  gentamicin  to  about  the  same  extent  as  with 
Escherichia  coli  ribosomes.  Furthermore,  there  was  no 


TABLE  7.  Concentration  of  antimicrobial  agents  in  sera  and 
ab-cesses  of  mice" 

Mean  conen  i^g  mil  of  drug  (time  after  la>! 


Antimicrobial 

adminiNirai’oni 

agent  (daily 
dose  |mgkg|i 

S^rum* 

Abscess  fluid  (0.5  h> 

0  5  h 

8  h 

B.  mrtunlmi. 
nrisu  us* 

B  I'ruieiln' 

Penicillin  G 

27.5  *  8.2" 

13.6  £  3.1 

34.0  £  7.6 

8.2  £  2.1 

(1001 

Clindamycu 

8.9  -  3.4 

2.4  *  0.8 

14.6  £  .3.6 

13.4  £  4.2 

(401 

Metronidazoli 

28.6  £  6.4 

11.0  £  2.6 

12.2  £  3.4 

13.2  £  3.6 

150) 

Gentamicin 

.  5.4  £  2.2 

1.2  £  0.4 

3.8  £  1.8 

4.0  £  2.0 

(7,5)  1 _ 

“  Determine-*  7  days  after  inoculation. 

*  B  asuccharotyiicus  114. 

•  B.  franilis  13. 

J  Mean  £  standard  deviation  of  10  mice  in  each  group 


evidence  of  inactivation  of  the  antibiotic  by  B.  franilis  cell 
extracts.  Whole  cells  of  B  franilis.  however,  did  not  show 
any  time-dependent  accumulation  of  the  antibiotic.  This 
faiiure  was  attributed  to  the  lack  of  the  proper  electron 
transport  system  for  the  transport  of  the  aminoglycoside. 
The  mechanism  by  which  penicillin  presumably  permits  the 
transport  of  aminoglycosides  in  Bacteroides  spp.  has  not 
been  investigated. 

There  is  no  obvious  explanation  for  the  in  vitro  and  in  vivo 
synergism  between  clindamycin  and  gentamicin  against  B. 
melamnonenicus  and  the  less  pronounced  synergism  be¬ 
tween  metronidazole  and  gentamicin  against  both  Bacte- 
raides  groups.  That  increased  gentamicin  transport  is  also 
involved  in  these  synergisms  is  an  attractive  hypothesis 
worth  investigating. 

Combinations  of  antibiotics  are  continually  being  studied 
in  attempts  to  discover  more  effective  therapy  for  serious 
infections.  Combined  therapy,  in  addition  to  its  more  obvi¬ 
ous  effects,  might  delay  emergence  of  antimicrobial  resist¬ 
ance  or  provide  broad  coverage  for  unidentified  pathogens. 
Busch  et  al.  (4)  suggested  that  the  combination  of  clindamy¬ 
cin  and  metronidazole  might  prove  useful  in  the  treatment  of 
selected  infections,  such  as  endocarditis,  septic  thrombo¬ 
phlebitis.  and  osteomyelitis,  in  w  hich  B.  franilis  is  implicated 
as  a  single  or  primary  pathogen.  Although  drawing  clinical 
importance  from  our  study,  and  in  particular  from  results 
with  the  penicillin-gentamicin  combination  against  B.  melan- 
inogenivus.  is  premature,  the  data  here  presented  open  the 
possibility  of  a  new  approach  for  the  treatment  of  this 
infection. 
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